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1. Introduction 
BORGH (1927) and WOLF (1947, cited in (18)) already mentioned the 
continuous drift of benthic organisms. PLESKOT (22) suggests the name 
"Rheon" for the total of the material that is drifting in streams. The 
amount of this organic load, which is about 1-10 g/m3 stream water, can 
be calculated by the consumption (use) of kMnO4. Compared to their 
density the drift of the organisms living at the bottom is very small 
(0.02-0.11%, calculated by ELLIOT (4)). 
HEMSEN (8,9) found out that in the "Steyr" (upper Austria) there are 
about three times as many organisms drifting through the drift net as 
there are organisms living on the same area on the bottom; whereas in 
an unproductive forest-brook this correlation is the other way round. 
Former scientists regarded the phenomena of the drift as a part of the 
great colonisation-cycle, in which the down-drift of the larvae is 
balanced (equalized) by the up-drift of great numbers of imago (Caenis 
macrura) studied by SCHONEMUND; Polymitarcys virgo and Simuliidae studied 
by STADLER, cited by MULLER (18). But today the drift is regarded as an 
expression of live activity. Only very rarely do the organisms drift 
far, mostly only a few meters, and when they have reached the bottom again 
(with the help of turbulence in the water), they move upstream looking 
for food. 
Seasonal changes and flooding have an extraordinarily great influence 
on the drift of organisms (18). The free water space plays the main 
part in the provision of food for some fish (Salmo trutta - trout) : 
drift and content of the stomach are balanced here (Simuliidae): whereas 
others (Thymallus vulgaris) only selectively chose certain animals living 
at the bottom (molluscs) (18). 
The total drift, drift of organisms and drift of organic material and 
minerals, plays a main role in the rate of production in streams. Besides 
the biology of the organisms living on the river bed, also the 
geological and hydrographical situation of the area plays a very 
important role for the composition of the drift. A comparative examin-
ation will show this. 
The drift of many organisms is also influenced by an activity adapted to 
the day-night rhythm; in the dark the drift is much larger. SCHERER (27) 
showed a strong negative phototaxis with Baetis rhodani. Especially 
Baetis-species are the main part of the night drift (relation day/night 
drift 1:27 - 1:83). Especially strong is the drift during twilight (19). 
Another species, Gammarus pulex , which is also drifted mainly at night 
time additionally shows a strong influence of temperature. The secondary 
maxima of the night drift influenced by the activity are either before 
or after the main maximum of the graph: Baetis rhodani and Baetis vernus 
before, Gammarus pulex after. Also seasonal changes are possible, 
for example, Gammarus pulex: the secondary maximum disappears in the 
summer but in the autumn it reappears, caused by the shorter days. This 
increased activity has the same influences on the upstream movements 
of Gammarus spp (shown by MINCKEY (18)) and on Ephemerellidae in 
Russian streams (12). 
2. 
When it is getting dark, the drift of organisms generally increases, 
but anyway the 24-hour rhythm is kept (21). Contrary to this, in 
permanent daylight (Sweden) this rhythm disappears. When the temperature 
drops very low in winter the Baetis-larvae become active during the day 
(positive phototaxis) (27). 
The activity periods during the night are generally known for the 
following species:-
Baetidae Ephemeroptera 
Caenidae Ephemeroptera 
Chitonophora krieghoffi Ephemeroptera 
Epeorus assimilis Ephemeroptera 
Ephemerellidae Ephemeroptera 
Ecdyonurus venosus Ephemeroptera 
Ephemera danica Ephemeroptera 
Habroleptoides modesta Ephemeroptera 
Rhithrogena semicolorata Ephemeroptera 
Eusimulium costatum Diptera 
Gammarus pulex Gammaridae 
Polycelis cornuta Tricladida, Turbellaria 
At present little is known about Plecoptera; Trichoptera and water mites 
show mainly day activity. Besides differences within each day the 
periodicity of Ephemeroptera spp and Plecoptera spp shows great seasonal 
changes. In this respect various species of Baetis are striking, as they 
produce a second, smaller (in size) generation during the summer (13, 26). 
Thus we find nymphs of decreasing size of Baetis rhodani, Baetis fuscatus 
and Baetis lutheri from spring to autumn. Baetis fuscatus. Habrophlebia 
lauta and Ephemerella ignita hibernate in the egg, Baetis rhodani and 
Baetis vernus either in the egg or as larvae, Baetis lutheri as larvae. 
Habroleptoides modesta, Torleya maior and Ephemera danica hibernate as 
larvae or as nymphs. Habroleptoides modesta, Torleya maior and Baetis 
rhodani show a break during the summer which is mainly in June and July, 
Habroliptoides also in August. 
Ephemerella ignita nymphs only appear in the summer (June to August), the 
rest of the year this species spends in an ice-stage (about 10 months). 
Also within the generally cold-loving Plecoptera MACKERETH (16) 
differentiates between species which are growing during the winter 
(Perlodes mortoni, Isoperla grammatica, Chloroperla torrentium, Chloroperla 
tripunctata, Leuctra hippopus, Leuctra inermis, Leuctra nigra, Protonemura 
meyeri, Protonemura praecox, Amphinemura sulcicollis, Nemoura cambrica, 
Brachyptera risi) and very few species that are growing during the 
summer (Leuctra fusca, Leuctra moselyi, Nemoura erratica, Perla carlukiana). 
Most of the Plecoptera live in that part of the river where it is flowing 
the strongest. Leuctra nigra was most frequent in muddy places. In a 
drained lateral stream Perlodes mortoni replaced Perla carlukiana. 
Perlodes mortoni has an annual cycle of develpment; Perla carlukiana 
a three year cycle of develpment. Perla, Perlodes and Isoperla (all big 
carnivore species) feed selectively on Baetis rhodani, Baetis sp., 
Simulium, and larvae of Chironomidae but only occasionally on Gammarus 
pulex. 
3. 
MACAN as well as MACKERETH point out the great significance of the 
width of mesh of the net. In fine meshed nets big larvae are driven 
out again by the eddies that result from the backflow. MACAN (13,14) 
even used phytoplankton-nets to catch the Ephemeroptera because in more 
coarse-threaded nets he lost most of the smallest larvae (smaller than 
0.5 mm). Also the current has a great influence on the composition of 
the substrate. 
Refering to the flow velocity EINSELE (3) differentiated the 
substrate into the following zones:-
3- 20 cm/sec mud-zone (rich in life) 
20- 40 cm/sec sand-zone (especially poor in life) 
40- 60 cm/sec coarse sand - fine ore (larvae of insects, Chironomids) 
60-120 cm/sec gravel, fine up to the size of a fist (Ephemeroptera, 
Plecoptera, Trichoptera) 
120-200 cm/sec coarse gravel (rheophile stone-fauna, insects) 
Thus of all substrates sand is the most unfavourable, it offers no 
possibility of moss and water-plants taking root, organic particles 
only are sedimented at a flow velocity below 20 cm/sec so that there is also 
only a very small provision of nutrients for the bottom. The greatest 
number of organisms can be found in coarse gravel which offers a rich 
system of gaps. Studies of the river bed showed that each species prefers 
a particular streaming zone in which it accumulates (1,2). Baetis vernus 
and Baetis sp. are the main representatives of the lithophile-rheophile 
stone fauna, they were very seldom below 10 cm/sec.: their number was 
stable at places with flow velocity up to 40 cm/sec. and only slightly 
decreasing up to 120 cm/sec. Contrary to Ephemeroptera, Baetis-larvae 
are very frequent on gravel where they have to be ready to look for another 
substrate at any time, a process in which their mobility is of great 
advantage. They are able to spring for meters by a stroke with their 
abdomen, an ability which can be explained by their close relationship 
to swimming forms in calm water. Other inhabitants of the streaming zone 
are Rhithrogena semicolorata, Epeorus and Rhyacophila nubila. Rhithrogena 
also (like Epeorus) is living closely squeezed to the bottom, its gills 
can form a suctorial disc, which is an additional protection from being 
drifted away. 
Rhyacophila lives in the strongest flow (80-90 cm/sec), Hydropsyche in 
a zone where the flow velocity is a little less (40-50 cm/sec). 
Although it is anatomically very well adapted to places with high velocity 
Ecdyonurus prefers the static water zone and only comes to the main 
velocity zone for food search. So far it is not clarified if the 
distribution of Chironomidae (Tendipedida) is really as homogeneous as 
AMBUHL claims. Helmis and its larvae prefer places with moderate 
velocity: also Gammarus pulex (Carinogammarus roeselii) which also likes 
moving to places where the velocity is a little bit stronger. Ephemerella 
ignita, a species that lives in the calm water zone (5-30 cm/sec) in moss 
and near the bottom is able to clap its abdomen forwards and is thus 
drifted long ways as a sort of "packet". Habroleptoides, Nemoura and 
Leuctra live in lurking places or in the mud, and sometimes in the moss. 
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2. Methods 
During the years 1964-1966 three streams in the characteristical 
geological formations flysch, gneiss and chalk of lower Austria were 
studied in regard to their drift. 
The Tulln (above St. Christopen), the Krems (above Senftenberg) and 
the Schwarza (above Hirschwang) seemed to be ideal for this comparative 
study because they are easy to reach. All these streams lie totally in 
the above mentioned geological formations, and the formation of the 
bottom of their river bed complies with the typical situations in this 
region. 
We also wanted to pursue the influence of the different seasons but the 
continuous samplings had to be interrupted several times. Because the 
studies covered a few years it was possible to observe the great 
influence of the floodings in the very precipitous spring and summer 
months of the years 1965 and 1966. 
The drift was measured by putting perlon-gauze-nets with different widths 
of mesh (1 mm, 0.4 mm, 0.19 mm) in the water: in the beginning for two 
hours, later only for one hour or an even shorter time. The area of the 
nets was 200 cm2, soon the width of mesh of 0.4 mm turned out to be the 
most favourable. With this net the average number of bigger and smaller 
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organisms that were caught was the highest. During high-water the 
nets could not be left for more than half an hour in the water because 
they were blocked very quickly with wood and leaves. We put the nets 
in either from small bridges that spanned the river (Tulln and Krems) 
or from the shore (Schwarza). When the water level was very low, 
we tightened the nets to the bottom with heavy lead weights. In the 
rather narrow Krems it was easy to attach the nets to a rope that was 
stretched across the stream. In the Tulln during low water stick nets 
proved best. At each time drift samples were taken, also the bottom 
fauna was examined. We had some difficulties in putting in the perlon-
nets, because in these there was very often a big air-bubble: because 
of this, they had to be weighted with stones (when they were put in from 
the little bridge). 
When we tightened the net to the lead weights at the bottom, we had 
strong eddies caused by the direct contact with the bottom. The nets 
were rinsed in big dishes, the living organisms were, when they were 
macroscopically visible, counted and fixed immediately. Mostly we did 
not convert it into general values because our results did not seem 
to be sure enough. The portion of organisms in the total drift is 
mostly very small. In opposition to a small number of living larvae 
of insects there is always a huge number of drifted skins of larvae. 
Parts of plants (wood, leaves, moss) form the main part of the total 
weight of the drift material, often these were pulverized to fine 
detritus. The amount of sand was approximately determined in dishes in 
which it could sediment and its structure was examined. Because the 
skins of larvae (exuviae) mostly were floating on the surface of the 
water (in the dishes), it was easy to remove them with a bit of paper 
which was highly absorbent. After draining the skins clung to the 
paper and could be measured. The micro drift of the stream mainly 
consists of particles of detritus which had been torn off. These 
particles are densely colonized with micro organisms. In 0.19 mm 
nets plenty of fine detritus was accumulated to offer material for 
microscopical studies. We also noticed the movement of long tufts of 
algae including the organisms living on them. With the help of a frame 
to which we tightened nets on different levels, it was also possible to 
get results for the stratification (compared to the bottom) of the 
drift. We also examined the stratification compared to the bank (by 
putting nets in places with different flow velocities'. 
3. Hydrography and chemistry of the examined streams 
Krems: "big Krems": source at the north roof of the Weinsberger Wald 
(wald = forest) at ca 900 m altitude. 
"small Krems": source at the south roof of the Weinsberger Wald 
at 804 m. 
Place of sampling: 2 km above Senftenberg at 280 m. Length of the stream 
from source to place of sampling = 44 km, average incline: 14% with a 
total difference in altitude of 620 m. Width of the stream: 11 m, 
depth: 20-46 cm. Rock: gneiss of the bohemian kind. Amount of moving 
water approximately 2.2 m3/sec., the stream drains (dehydrates) the south-
east part of the forest, an area with rather high solar radiation and 
little rainfall (500-800 mm). 
Big Tulln: in the upper course named "Laaber Bach" (Bach = brook), 
source at the north-east slope of the "gfohlberg (883 m, 
Schopflrucken) at ca 580 m altitude. 
Place of sampling: "Aussermanzing" at ca 200 m altitude. Length of 
the stream from the source to the place of sampling: 15 km, Mean incline 
1 9 % , total difference in altitude: 290 m. Width of stream: 6 m, 
depth 18-25 cm. Rock: flysch-region of the "Wienerwald". Amount of 
moving water: 0.6 m3/sec. This region is one of the parts with most 
rainfall in the "Wienerwald". Because of its small catchment area 
(watershed) the amount of water in the stream is extremely variable, 
it shows extreme flooding. 
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Schwarza: the main sources are at the south-west roof of the 
"Unterberg" (1341 m) at about 930 m altitude. Place of sampling: 
above "Hirschwang" at the foot (bottom) of the "Raxalpe" *(probably a 
mountain at the bridge in the "Hollental") at ca 560 m altitude. 
Length of the stream from source to place of sampling: 32 km, mean 
incline 12 %, total difference in altitude: 370 m, width of stream: 
22 m, depth: 70 cm. Rock: northern chalk-region. Amount of moving 
water: 10 m3/sec., there is almost always the same amount of water in 
the stream because they use the massif as huge water supplies, these 
also prevent the stream from warming during the summer. 
The values we found go together with the values we expected by knowing 
details of the water-shed and the rock formation. The water in the 
"Krems" is soft and lacking in minerals. Caused by its great length it 
shows a rather high consumption of kMn04. Also the amount of nitrate 
is high. The water in the "Tulln" is the hardest, the sources lie in 
the surface of the flysch, and it takes up a great amount of hardness 
agents although the stream is rather short. The chemistry seems to be of 
great importance concerning the growth of algae, which has especially 
in the "Tulln" great influence on the fauna. 
The water in the "Schwarza" is very clean, it is free of ammonia and 
nitrite compounds. 
Table 1. Measurements of water level and temperature 
Date of Water Temp. Max. Distance to 
sampling level °C velocity the bank 
*Translators' note 
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Table 2 
Chemistry 
1) Values from other places of sampling (Krems, Weinzierl; Tulln, 
200 m above estuary). 
4. The organic and inorganic suspended material 
Parts of plant, wood, leaves, detritus and inorganic material (sand) 
form by far the main part of the material that is accumulated in the 
drift-nets. There are also algae (Cladophora) and moss (Fontinalis). 
Also large amounts of diatoms are moved, clinging to mud and detritus 
particles which are torn off (MACIOLEK (31)) but the drift of organisms 
has hardly any influence on the total weight of the drift material. 
Because of this I would like to discuss first the inorganic suspended 
material as the total drift. 
Relationship between water level (flow velocity) and total drift 
In the following we give the weight of the simple drift samples. We 
also carried out comparative studies between samples taken in nets with a 
different width of mesh. These values show a significant conformity 
at low water but great differences at high water. The method we used 
here only allows approximate data. In general the samples from 0.4 mm 
nets go together with those from nets with 1 mm width of mesh. In 0.19 mm 
nets there was never enough material. Only when the velocity was very 
4.1. 
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low these results (from 0.19 mm nets) could be compared to the others, 
because then we need not expect great losses caused by the backflow. 
Table 5 
Water level and amount of drift (in cm and g, last scale shortened in the 
upper part). Water level (full line), amount of drift (broken line). 
Abscissa: T Tulln, K Krems, S Schwarza. 
In figure 5 we show the washing out as well as total drifts. It makes 
clear a significant correlation between these two. Also the seasonal 
influences become very clear here. During low water in summer (June-
August) there is a distinct decrease of drift material in the Krems; a 
slight increase in the Tulln and Schwarza. In the Tulln this is caused 
by the increasing growth of algae, in the Schwarza by the start of 
defoliation. In the Krems we took these samples after a severe thunder 
storm and rainfall, here the temporary 'washing out' of the river bed 
seemed to have great influence. After thunder storms the Krems swells 
up very quickly. 
In the spring of 1965, where there were extremely high rainfalls all 
streams had high floods from the beginning of April until the end of May, 
the increase of the data is significant, it is almost parallel for 
water gauge and weight of drift material. But there is a strong decrease 
in the drift of organisms if this flooding lasts longer. 
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We found the following mean values (g/m2 in 24 hours):-
Thus at low water we get the following values for the whole cross section 
of the stream: 
Krems 8179 g drifted material in 24 hours 
Tulln 1362 g drifted material in 24 hours 
Schwarza 15067 g drifted material in 24 hours (without drifted leaves) 
Mean of low Mean of high Total mean 
Krems 2556 20400 8084 
Tulln 987 24900 6816 
Schwarza 1752 (without drift of 10680 4284 
leaves) 
11400 (with drift of 
leaves) 
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Table 3 
Total drift (g/h) 
(area of net 200 cm2) 
(ml/h) (g/24h) 
(1 m 2 area of net) 
Width of mesh Sand Organic 
Material 
1 mm 0.19 mm 0.4 mm 0.4 mm 0.4 mm 0.4 mm 
* (+ drift of leaves) 
1) main and secondary current (see page 17 ) 
2) vertical stratification (see page 17 ) 
3) drift at night during flooding, not used for calculating mean values 
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From this we calculated the below results, taking the current into 
consideration:-
Krems 3717 g/m3 water of river 
Tulln 2271 g/m3 water of river 
Schwarza 1506 g/m3 water of river 
by dividing the mean of the volume of the drift by the mean wet weight 
of the drift samples you obtain an approximate value for the amount of 
suspended mineral substances. 
Krems 2.2 g/ml 
Tulln 1.7 g/ml 
Schwarza 1.8 g/ml 
This result correlates with the amount of sand found in the sediment 
dishes (see page 000, mean value, converted to 1 m2 area of net) 
and cross section of stream respectively: 
Krems 86 ml/m2 
Tulln 18 ml/m2 
Schwarza 15 ml/m2 
Obviously the Krems is the stream with the highest amount of sand within 
its drift. This fact can be explained by the structure of the rock 
(gneis and quartz-sand, sheet mica). The structure of the bottom of the 
river becomes obvious through the drift of smaller mineral particles, 
because of this the sand of thethree streams was examined under the 
microscope and we tried to calculate the percentage rate of the single 
sizes of grains: 
Correlation between drift of sand and structure of the bottom 
The correlation between the size of gravel and the sand graining (see 
fig. 6) are different in the crystalline rock (of the Krems). Although 
there is a high flow velocity fine sand is being drifted, all the stones on 
the bottom are of about the same size (average diameter 5-7 cm). Contrary 
to this there are many more smaller stones (2-3 cm diameter) in the flysch 
and the chalk stream. Here we do not have this sharp distinction between 
gravel and sand (as it is in the crystalline rock). The gravel appears more 
or less "plastic" due to the effects of the flow velocity which is 
breaking them up. Contrary to this, in the gneiss region we only find 
a rounding off of the stones down to the size of gravel. The distinction 
between gravel and sand grains in size is striking. 
The average size of the sand grains is smallest in the Krems; we found 
small bits of quartz and sheet mica. The size of the sand grains in the 
Tulln which at low water hardly exist, are of medium size compared to the 
other two streams; in the Schwarza (chalk region) there is gravel of all 
sizes. Fine sand (diameter of the grains 0.2 mm) is already being moved 
at a velocity below 10 cm/sec. Presupposition for such small grained 
material is the existence of a system of spaces in the bottom, which is only 
the case if the gravel is quite coarse. The coarser the gravel is the 
greater number of static water regions can be found in the gaps and larger 
amounts of sand can be deposited and washed out at other places. We 
found these conditions in the Krems. The larger gravel in the river bed 
has very even surfaces; imbedded between them there are always small round 
gravel pieces and sand grains (see figs. 7,8,9). In the flysch region 
the river bed is covered with rock patches which often are of similar 
4.2. 
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size and lie close together; between those there are often spaces filled 
with mud (see fig. 8). The chalk gravel again is clearly arranged: 
in the middle of the stream there are big bits, near the banks we find a 
mosaic-like arrangement of the substrate (fig. 9, 10). 
Sand 
Diameter of grains in mm Percentage 
Krems 0.1 28-30 
0.2 38 
0.3-0.4 27 
0.8-1.0 3 
1.5-2.0 1 
3.0 sporadically 
Tulln 0.1 1 
0.2 6 
0.4-0.5 65 
0.8-1.0 23 
1.5-2.0 5 
2-4 rare (floodings) 
up to 10 sporadically (floodings) 
Schwarza 0.1 4 
O. 2 12 
0.4 55 
0.8-1.0 23 
1.2 4 
2-4 frequent (floodings) 
17 rare (floodings) 
Size of gravel of the substrate 
(calculated from 60 x 40 cm sections, fig. 7, 8, 9): 
Diameter in cm Percentages 
Krems Tulln Schwarza 
30 2 
15-17 6 - - 2 
11-13 8 0.5 - 2 
8-9 6 2 0.01 5 
6-7 20 3 0.1 11 
4-5 24 6 2. 17 
2-4 18 25 31 31 
1-2 18 40 55 30 
less than 1 only sand 23 11 — 
14. 
Fig. 6. Size of grain of the drifted sand (upper part), diameter of 
the gravel in the river bed (lower part). Tulln (full line), 
Krems (broken line), Schwarza (-.-.,line > streaming: 
lenithical). Percentage. 
Fig. 7. Bottom of the Krems (section 60 x 40 cm), middle of the stream, 
perpendicular from above. Big round gravel and rocks, sand 
heaps between. 
15. 
Fig. 8. Very different sizes of gravel. Big, edged stones lie within 
loads of gravel and mud. Strong covering with green algae. 
Tulln (1964). 
Fig. 9. Narrow, mosaic like arrangement of small polished chalk gravel 
in the lenitoic part of the Schwarza. Perpendicular from above. 
In the longitudinal profile the Krems shows a stronger incline after 
44 km length than the Tulln after 15 km. The solidity of the crystalline 
rock prevents the river bed from cutting in quickly; because of this 
up to the lower course of the river the flow velocity remains so high 
that sand is always moved anew; even it is being deposited at calmer places 
for a while. The turbidity (cloudiness) of the water in the Krems 
obviously is partly caused by minerals (mineral particles). In the Tulln 
mud and detritus is being deposited in bays at low water. At high water 
the river bed is totally changed, there is also an increase in sand movement 
near the bottom. In the Schwarza gravel (small pieces up to the size of a 
fist) are being moved, fine material is seldom to be found (reason: very 
high flow velocity: more than 1 m/sec.). (see also page 3). 
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Fig. 10. In parts of the Schwarza where there is strong current there 
are big rocks lying. But this figure shows rocks lying near 
the bank which had been transported there by floodings. Oblique 
from above. 
Fig. 11. Tulln after severe flooding in 1966. 
Interesting is the fact that the broken stones were removed and 
then rearranged in wavelike heaps. 
The strong correlations between the size of gravel in the river bed and 
the fine structure of the mineral drift are obvious. Besides the normal 
amount of streaming water also the frequency and intensity of floodings 
play an important role, because they may reverse the conditions. 
Especially in streams like the Tulln, which are rather calm and where 
mud is often deposited, in those cases can show the drift of quite big 
stones which can accompany the total emptying of the river bed. (fig. 11) 
In comparative studies we found out that in the "Donnersbach" (which is 
another stream of the crystalline region) there is an even smaller amount 
of organic material in the drift; here drift contains great amounts of 
sand as the Krems does. Comparative samplings in the flysch region 
(Schwechatfluss) proved what w'e had said about the Tulln. 
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4.3. Stratification of the total drift 
We tried to obtain data for the change in the composition of the drift 
(organic particals and minerals) vertically, and laterally in direction to 
the bank or to the lower velocity water (see BESCH (32)). 
To measure the vertical stratification we also used nets with a width of 
mesh of 0.4 mm, which were put into the water for 10 minutes. 
In the Tulln and the Schwarza we took these measurements during slight 
flooding. Here we found, especially in the Schwarza, an increasing drift 
of sand and broken stones, we had gravel in the nets; the reason for these 
facts is the high velocity. 
Values for 200 cm2 area of net per hour Sand Organ. Mat. 
Krems 9.8. 1964 Low water Surface 12.5 g thereof 0.2 ml 40 ml 
5 cm above bottom 9.0 g thereof 1.0 ml 8 ml 
28.6. 1965 High water Surface 102 g thereof 12 ml 330 ml 
151 g thereof 20 ml 280 ml 
5 cm above bottom 100 g thereof 18 ml 270 ml 
Tulln 28.6. 1965 High water Surface 21 g thereof 0.9 ml 72 ml 
5 cm above bottom 57 g thereof 18 ml 96 ml 
Schwarza 24.6. 1965 - Surface 15 g thereof 2.4 ml 20 ml 
5 cm above bottom 45 g thereof 7.2 ml 32 ml 
Bottom 283 g thereof 140 ml 50 ml 
Weight of drift as well as volume of drift increases towards the stream 
bed. Only in the Krems we found a decrease in weight of drift near the bed 
during low water, although the proportion of sand was increasing. This 
means a decrease in the drifted wood and detritus material of this region. 
The conditions of turbulence in the Krems (with the plain gneiss rocks 
on the stream bed) is different from those of the two other streams being 
studied. 
In sections of the stream where the velocity is less (nearer the bank) or 
which are lenitoic the total drift is smaller. 
18. 
Krems Main streaming (depth 43-46 cm) Side streaming (depth 25 cm) 
27.6 g/200 cm2 area of net, 1 h 5.0 g/200 cm2, 1 h 
22.5 g/200 cm2 area of net, 1 h 9.5 g/200 cm2, 1 h 
12.5 g/200 cm2 area of net, 1 h 6.0 g/200 cm2, 1 h 
22.5 g/200 cm2 area of net, 1 h 18.6 g/200 cm2, 1 h 
(Ice) 
0.8 m/sec 0.5 m/sec 
Tulln Point 1 (depth 40 cm) Point 3 (depth 20 cm) 
8.5 g/200 cm2 area of net, 1 h 4.5 g/200 cm2 area of net, 1 h I 
0.4 m/sec 0.3 m/sec 
Point 3a (depth) 10 cm) 
3.3 g/200 cm2, 1 h 
0.5 m/sec 
Schwarza Point 1 (depth 40 cm) Point 2 (depth 70 cm) 
7.3 g/200 cm2 area of net, 1 h 15.8 g/200 cm2 area of net, 1 h i 
22.5 g/200 cm2 area of net, 1 h 54.0 g/200 cm2 area of net, 1 h L 
1.0 m/sec 1.4-2 m/sec 
Fig. 12. River bed of the Tulln; figure shows the different places of 
sampling (1, 2, 3, 3a in 1964; la from 1965 on), and the 
extreme changes caused by the flooding (arrows). Places 
where the substrate had been removed are marked with big 
crosses, the small crosses show the rearranged heaps during 
the flooding, the areas marked with oblique lines where added 
in 1966. 
The flow velocity obviously has a great influence on the drift. The 
only exeption is the Tulln, which sometimes has extremely shallow low 
waters during which the strength of flow is almost the same near the 
bank and in the middle of the stream. The mentioned studies have been 
accomplished at a small weir-like blockade (see fig. 12). After having 
passed this weir the water starts flowing faster and contains more 
suspended material (3a: place where the water ripples (flows) down, 
1: section of stronger velocity and deeper depth). Also the increasing 
growth of algae is of great influence to the drift in the Tulln during 
the warm season. The forming of green algal layers on the whole bottom j 
has two main effects: it works like a filter (keeps small detritus 
19. 
particles back) and long algal threads are torn off and are moved 
by the water. So again we have parts of the substrate within the 
drift. 
Originally we had planned to study the changes of the bed of the Tulln 
during the whole year. The extreme flooding of May 1965 and August 1966 
caused a total emptying of the river and twice the stratification of the 
broken stones was rearranged. The streaming groove (furrow) was moved 
to the other bank, layers of broken stones were being removed and built up 
anew. These changes were caused by a wall protecting the bank which 
was arranged at an exterior curve of the river. This protective wall 
prevented the river from curving more during the higher flooding in 
August 1966. Each high water level was accompanied by a certain 
formation of the river bed (see fig. 12). The drifted material was 
deposited in ripples (see fig. 11). 
5. The drift of living organisms 
With the other suspended material micro organisms are continually 
drifted. In microscopical studies we found out that this drift 
material mainly consists of diatoms, ciliates, rotatoria, nematodes, 
gastrotrichs, oligochaetes, water mites, small larvae of chironomids 
and copepods. 
Explanation of symbols of table on page 20. 
+++ very frequent 
++ frequent 
+ rare 
/ sporadic 
20. 
In the Tulln there is a much stronger growth of algae in the river 
bed and also a much stronger drift of microorganisms. Because the 
microorganisms are moved clinging to threads of algae which had been 
torn off, we found great conformity comparing the organisms suspended in 
the drift water and the fauna found on the algae we directly sampled 
from the stream bed. During the low waters of the summer we found 
many organisms which already belong to the oU -meso-saprobe stage, 
although the KMn04 in the water is low. Of special interest are the 
feeding chains. Chilodonella cucullulus mainly feeds on diatoms 
(Navicula), Chilodonella itself is food for Chaetogaster diastrophus 
(Oligoch.), (see fig. 29). 
21. 
In the Krems we do not have this increasing growth of algae during 
the summer, the only species that appeared quite frequently was 
Aeolosoma quaternarium, it is feeding on 'micro food'. In the * 
we found a rather striking zonation of these species of Oligoch. 
Aeolosoma sp. was most frequent in the lower region, Chaetogaster was 
more frequent further up where there were many ciliates and nematodes 
it can feed on (29). 
The contents of nutritive substances and the flow velocity basically 
determine the composition of the population. Mostly the importance of 
the flow velocity is even greater because it guarantees that the water 
is thoroughly mixed with oxygen. 
ZIMMERMANN (30) also mentions a mass growth of Tribonema and Cladophora 
which is present from a use of KMn04 greater than (>) 4.8 mg/1 on, at 
a speed of streaming of 20-80 cm/sec. The population varies depending on 
the flow velocity, thus at a speed of 20 cm/sec we only found three species 
of Naididae growing extremely, but at 80 cm/sec the mass growth of five 
species of Naididae and of one species of Enchytraid. Also the 
microfauna is highly dependant on the compostion of the vegetation in 
the river. Because it lives within the Arandt's limiting layer it 
does not show any anatomical adaption to the flow velocity. Mass 
developments can occur in restricted space because often the oxygen 
* Tropfkorpern - - — ~ -- literal translation = dripping bodies 
22. 
maintenance is ideal. In cases we do not have this amount of algae the 
microfauna in streams shows a certain monotony (Bdelloidea, Nematodes). 
So we see that it is of great importance, even in rather big streams, 
whether or not the organisms have some substrate to cling to. There are 
great losses caused by the drift, which we found out concerning the outflow 
from those dripping bodies (Tropfkorperablaufen) for example (29) . This 
concerns especially Oligoch. (Eiseniella, Nais, Chaetogaster, Enchytraids), 
Zyklopids, Nematodes, Ciliates. Others, like Harpacticides and 
Bd elloidea, are moved in surprisingly small amounts although they appear 
quite frequently (in quite dense populations). 
Concerning the studied streams we found out that in the Krems there is a 
higher use of KMnO4, a much higher flow velocity, and a smaller micro-
fauna (less species) than in the Tulln. Thus, apparently the amount of 
suspended mineral substances, which is responsible for the mass growth 
of certain algae, is much more important than the content of organic 
material. Also the temperature is quite important, but Tulln and Krems 
have about the same temperature; maybe the warming during the day is a bit 
higher in the Krems. 
In the Schwarza, a stream which is rather cold in the summer we find 
algae like Hydrurus foetidus which only can survive at low temperatures. 
Here the drift of ciliates is scarce, rotatoria (Bdelloidea) are rather 
frequent. Bdelloidea sometimes occur in the source breaks (confluences) 
of the Schwarza in such great numbers that they dye the chalk rocks reddish 
(Philodina sp). In the dripping bodies (Tropfkorpern) we find this 
correlation that the Bdelloidea are extremely frequent if there are thin 
populations of bacteria. (29). The most frequent are species of Cocconeis 
and Navicula. 
Also in large stagnant waters (Balaton (6)) we find the sort of drift 
material consisting of diatoms and detritus, which offer living-space 
for a very characteristic biological community, especially ciliates feeding 
on diatoms. In streams it is hardly possible for an independant fauna to 
develop in the drift. There are great differences between the fauna 
within the drift and that from the stream bed though, but these are mainly 
quantitative rearrangements of the drifted material. The fauna of the 
bottom is much denser. At flooding there is a strong drift which 
hardly contains any microorganisms except diatoms. 
When the strength of the drift was rather high, the width of mesh of 
the nets (0.19 and 0.4 mm) did not seem to be of any influence (importance) 
because the organisms were stuck in the nets clinging to bits of mud. 
23. 
5.2. Drift of macroorganisms (only as exuviae. 
24. 
Fauna on the bottom 
5.3. Stratification of the drift of organisms 
5.31 Horizontal stratification (see page 17) 
These measurements shall show the difference between main and secondary 
streaming. In the following table we (payed attention) considered the 
length of body of the larvae. 
Explanation of symbols of following table:-
+ moderate 
++ frequent 
+++ very frequent 
Number of exuviae (skins of larvae) in brackets 
25. 
Table 6. Tulln (fig. 12) 
Time (nets have been in stream) : 2 hours (11.6.64), 1 hour (15.8.64 
and 10.3.65). 
26. 
1) These samples were taken after heavy rainfalls the water level 
was raised. 
27. 
28. 
Table 9. All values converted to 1 hour time of sampling 
(actual time of sampling: 10 min, 30 min) 
29. 
The comparing table for horizontal changes in the drift shows the 
following values: 
In vertical direction we generally found a strong increase in the total 
number of living larvae near the bottom (with the exception of one 
sample taken from the Krems after a heavy rainfall). The samples from 
the Tulln we took during flooding explain the washing out as well as 
the rather strong increase near the bottom: 
Also the size of the organisms (due to their ages) show a remarkable 
change between samples taken from the surface and the stream bed (see 
page 33). 
The higher the flow velocity of a stream the clearer the zonation into 
regions with different flow velocities and the greater the influence of 
the seasonal changes on the life-cycle of the organisms. Because of this 
especially in the Tulln, we found great differences (see sample from 
10.3.65, page 25) which are caused by the biology of the animals. In 
this sample in addition to the rapid development of larvae we had a 
slight flooding during (in) the spring. If one compares a deep region 
of the stream (1) to a calmer place, this image seems much more 
balanced. At place 1. we mainly found exuviae (Baetis, Ecdyonurrus, 
Ephemerella) , small stages of Baetis, a nymph of Ephemerella, larvae 
of Tendipedia, Simuliidae and dragonflies (ealopteryx) and larvae of 
fish (Trutta). In the calm region further up (almost the same flow 
velocity) there were almost no drifting exuviae but larvae of Baetis, 
Caemis and we found beetles (Helmis). In August the drift of larvae 
skins increased, also in the shallow region (mostly Baetis sp.). 
30. 
The first place we found larvae of Torleya and Hydropsyche was in the nets 
at point (1). Directly at the border between the shallow and the deeper 
region there was a strong drift of Baetis (also older larvae) which at 
this time had already decreased at point (1). This seems to prove 
the high mobility of the Baetis larvae in stronger flow velocities. 
Torleya was also drifted here but the number of larvae did not decrease. 
Apparently larvae of Torleya and of Ephemerella are being transported 
over long distance because they are not able to cling quickly to stones 
or algae. 
During the summer in the Krems we found the smallest stages of Baetis sp. 
in the weaker secondary flow whereas in the main flow there were great 
numbers of skins of different larvae (Oligoneuriella, Baetis, 
Ecdyonurus) and larvae of Ephemerella, Baetis (big stages), Rhithrogena, 
Tendipedidae, and Ceratopogonidae. The measurements in the Schwarza 
showed a high increase in the number of drifted larvae of Ephemerella, 
Epeorus, and Rhithrogena as well as Trichoptera (Agapetus, Sericostomatida 
and beetles (Helminae) carrying caddis in the main streaming. Mainly 
species living on mosses were effected by the drift. 
Also at a second place of sampling we could study the zonation near the 
bank (near Hirschwang at a narrow part of the stream where it curved). 
At a 60 cm deep place the number of Baetis, Ecdyonurus, Nemoura, small 
caddis of Sericostomatidae was 5x as big as at a 40 cm deep place near 
the outer bank of this curve. 
Interpreting the vertical distribution we found out that heavier bits 
(caddis of Trichoptera or bigger larvae like Ecdyonurus) are being 
drifted nearer to the stream bed. Smallest larvae of Baetis are also 
drifted near the bed; on the other hand these increased in number at 
places with weaker flow velocities in the Krems. Contrary to the 
purely physical reasons for the drift of heavy parts near the bottom 
(see also sand-drift, page 11), with Baetis larvae this is caused by 
their way of living (2). Larvae of Baetis mainly live on the surface 
of stones and gravel. Appparently the smallest larvae prefer places 
with weaker velocities but also in the strongest velocity they do not 
change their way of living. For this reason they can also be found in 
this stronger flow but they do not reach the surface, as is the case with 
other lighter, small organisms (water mites), because for their mobility 
they are able to cling to some substrate very quickly. But with their 
leaps to escape they barely reach regions higher above the stream bed 
(contrary to older Baetis larvae which do). Other organisms living in 
the moss which are less mobile like Ephmeralla re in the Schwarza also 
drifting near the bottom, but their number (the number of drifted organisms) 
increases in regions with a higher velocity. Thus their drift is more similar 
to a mechanical washing out. 
After flooding there are only very few larvae drifting in the main flow 
but near the bank there are still small stages. In the Tulln organisms 
living in the mud (Caenis) after flooding stay in both the main and the 
secondary flow, contrary to Baetis which disappears from both. 
In the Schwarza it became very obvious that in strong flow velocities 
small organisms are often whirled upwards which is generally the case with 
larvae skins. Exuviae mainly floated in the upper water layer, some-
times even on the surface, which can be proved later. For this reason 
Fig. 13. Fauna of the bottom (white areas) and drift of organisms 
(black areas). Ordinante: mean number of individuals from 
all samples. Abscissa: T Tulln, K Krems, S Schwarza. 
1. Baetis, 2. Ecdyonurus, 3. Epeorus, 4. Rhithrogena, 
5. Oligoneuriella, 6. Ephemerella, 7. Caenis, 8. Torleya, 
9. Habroleptoides, 10. Habrophlebia, 11. Paraleptaphlebia, 
12. Leuctra, 13. Nemoura (einschl. Protonemura, 
Amphinemura), 14. Perla, Dinocras, 15. Isoperlidae, 
16. Taeniopteryx, 17. Hydropsyche, 18. Rhyacophila, 
19. Plectrocnemia (Philopotamidae), 20. Sericostomatidae, 
21. Agapetus, Goera, 22. Tendipedidae, 23. Simuliidae, 
24. Helminae, 25. Hydracarina. 
31. 
5.4. 
it was easy to obtain the skins just by using absorbent paper (see 
page 40). 
Analysis of drift of frequent organisms 
In table 13 we compare the calculated absolute mean values for fauna 
from the bed (1 m 2 area) and for the drift (200 cm2 area of net per 
hour). On purpose we did not give a relation (% of fauna of bottom 
in the drift) because it seems impossible to calculate the proportion 
of drift for a certain area. The distance of drift seems to be 
different for single species (see Baetis, Ephemerella or Torleya), 
and because of this it is difficult to do these calculations (area/ 
drift; drift/area). 
32. 
In the following table we show the drift of species which are either 
active or passive in the flow. 
The drift of species being active in the streaming (Baetis - mostly 
B. fuscatus, Epeorus assimilis, Rhithrogena semicolorata, Rhithrogena 
semitincter, Oligoneuriella rhenana - only skins of larvae) is 
strongest in the Krems, although Epeorus and Rhithrogena are more 
frequent in the Schwarza. Ecdyonurus torrentis, Ecdyonurus venosus 
and Baetis sp. are being moved near the river bed according to their 
frequency. In the summer there was a great drift of Ephemerella ignita 
in the Schwarza, but we only found a small number of their larvae on 
the bed (we did not examine the Fontinalis as they were very difficult 
to reach because of the depth of water. Ephemerella in the Krems and 
in the Tulln mainly live among the green algae or in the system of gaps 
on the bottom. The drift of organisms living in the mud, apparently only 
a passive drift, is biggest in the Tulln, with the exception of Torleya 
major, which goes together with the high frequency of those species in 
the stream (which has a rather weak velocity and a very high distribution 
of algae). Concerning small Plecoptera in the Tulln mainly Leuctra sp. 
was drifted; in the Schwarza it was Nemoura sp. (also Taeniopteryx 
Isoperlidae). Contrary to this big Perla and Dinocras and big, strong 
Ephemeroptera (Oligoneuriella) are not drifting. Of those, we only 
caught larvae skins with the nets. Hydropsyche and Plectrocnemia 
(Philopotamidae) are most frequent in the Tulln (which was also correct 
considering their quantity in the nets). Rhyacophila which is extremely 
dependent on the flow velocity was more frequent in the drift of the 
Krems and especially in the Schwarza. Larvae of Diptera (simuliidae, 
Tendipedidae (Chironomidae)) are dominating in the drift of the Tulln. 
The great distribution of green algae is probably responsible for this. 
Even more as described before, the frequency in distribution of small 
organisms, which are obviously passively moved (water mites, small 
Trichoptera (Sericostomatidae) and beetles (Helmis sp.), determines their 
number in the drift samples. The named groups mainly live in the water 
moss on the bottom and in the great system of gaps of the big chalk 
rocks in the river bed. Additionally there are extremely numerous 
species of water mites and individuals in those mountain-streams which are 
cold during the summer (28). In the Schwarza we found eleven species 
(in great numbers) in the drift whereas in the Tulln we only found three 
species. 
33. 
5.41 
The strong drift of Simuliidae in the Tulln during low water seems 
peculiar. MULLER (18) mentions Simulium as a species which is typical 
in flooding. But in the Tulln we have a special situation, mainly 
caused by the very strong distribution of algae, and many organisms 
are drifted clinging to these algae. If this was not the explanation 
the only other explanation could be that we only find Simulium exposed 
to the main flow on top of stones. In this case although they normally 
cling tight to the bottom they are often torn off. 
Size (of body) and drift 
The table (Tab. 11) shows the maximal distribution of certain sizes 
of larvae of the single, most frequent species. 
The mean length of all living drifted larvae is: 
In the Tulln At the surface 2 mm 
At the bottom 2.4 mm 
In the Krems At the surface 1.5 mm (after rainfall 1.6 mm) 
At the bottom 1.1 mm (after rainfall 4.2 mm) 
In the Schwarza At the surface 0.5 mm 
At the bottom 4.8 mm 
If one compares the size of the larvae of the insects one finds striking 
differences between the three streams. Different drift-layers seem to 
contain larvae of maybe different species, but the larvae in one layer 
seem to be of about the same length. In this respect Baetis is absolutely 
dominating, especially in the size of 2-3 mm length. In studies of 
34. 
vertical stratification of the drift we found out that the smallest 
larvae ( < 1 mm length) are mainly drifted in layers near the bottom 
whereas medium-sized larvae dominate the upper layers (see page 29). 
Exuviae mites etc. drift near the surface because of their low weight. 
Contrary to this larvae which live in close contact to the bottom, eg. 
Ecdyonurus, mainly drift near the bottom. They are transported only over 
short distances. This is also relevant for bigger and heavier larvae, 
especially Trichoptera carrying cases and also Hydropsyche and 
Rhyacophila which are only very rarely torn off the bottom. The condition 
of turbulence in the Krems are apparantly a bit different, maybe caused 
by the coarse plain gravel, the high amount of sand (see page 17), the 
low growth etc. 
In the Tulln a high number of Baetis larvae which are only 0.5-1 mm 
long drifted, a fact which in the Krems is only the case in certain 
regions. Obviously there are more small stages of Baetis in zones of 
less flow velocity than in regions with strong current where these mobile 
animals are in great danger of being driven off. At point 3a in the Tulln 
this number (in %) also seems to be high, at a deeper place the number of 
larvae decreases again. Apparently Epeorus and Rhithrogena are not drifted 
in the Tulln. They appear in the Tulln mainly after long periods of 
flooding (a fact we found out by studying the development of algae). This 
is also true for big larvae of Perla. In the years 1965 and 1966 (in 
which there was a great deal of rain) the development of films 
of green algae (Cladophora) was almost stopped because the whole river 
bed was turned over by the floods (fig. 12). During these strong floods 
we had very high flow velocities in the Tulln. As a consequence of these 
events species became dominant here, which normally live in streams with 
strong, fast current. In periods of low water we also found exuviae of 
Perla, but these had come from regions above the sampling places. During 
floods rather big larvae living in mud and moss are drifted, species 
(Habroleptoides modesta, Caenis) which also appear in the drift of the 
Tulln during low waters (other species to appear then: Tendipedidae, 
Simuliidae). In the Schwarza there is a rather big number of Ecdyonurus 
larvae, organisms living in moss (Ephemerella ignita, during the summer 
sometimes the smallest larva), and Plecoptera. 
Only single big (12 mm long) individuals of Epeorus, who are only living 
in the main current are drifted. Because of the coarse cleaved chalk 
gravel it is possible for the species living in the main current to 
reach static water zones very quickly after having been torn off from the 
bed. Thus, instead of the extremely strong current the amount of these 
species among the samples is very small. 
Contrary to this, species living in the moss (Ephemerella, small 
Trichoptera carrying cases, water mites, helminths form a main part of the 
total drift. Especially strong larvae (Perla, Oligoneuriella) 
obviously are not drifted. Perla (like the sp. of Ecdyonurids) lives 
near the bank. Oligoneuriella shows the best anatomical adaptation 
and is rather immovable. The mobility of the larvae certainly plays an 
important role. This becomes obvious with the Baetis larvae which are 
derived from swimming forms and which prove this ability by jumping 
for meters in water with strong currents. They mostly live on the 
surface of small stones and must always be ready to find new substrates. 
In this way of life the rate of losses is very high which on the other 
hand could be the reason for developing a second summer generation. In 
all studied rivers the development of Baetis sp. is very strong, 
disregarding Ephemerella in the Schwarza (only June to August). 
35. 
5,5 
Generally the fauna of the bottom (see pages 36-38) contains bigger 
larvae than appear in the drift. Thus juvenile forms are much more 
befallen by the drift. This causes an even distribution of the 
organisms in the stream, a homogenization of the population density. 
During the night the drift shows different conditions. 
Seasonal changes in the drift of organisms 
We discuss these conditions in connection with the fauna of the bottom. 
On purpose we did not convert the different sampling times because we 
did not want to give the impression of a too high accuracy of the 
measurements. The method we used can only give approximate results. 
Schwarza and Tulln are rather controversial. In the Schwarza, a summer 
cool stream from the northern chalk-alps, mainly may flies (ephemeral 
flies), many larvae of shore fly (an indicator of cold streams), small 
Trichoptera (from mosses), their caddis, very many water mites and also 
beetles (Helmis sp.) are drifted. 
In the Tulln, a lowland stream from the sandstone zone there is only a 
small number of larvae of day flies and Trichoptera drifted but we found 
extremely high numbers of Tendipedidae (Chironomidae) in the samples, 
especially in spring and autumn. During low flow in the summer the 
circumstances seem to be especially characteristic because at that 
time there is a high distribution of algae (Cladophora) in the river bed. 
Floods have the greatest influence on the Tulln, compared to the two 
other streams. During springtime, when there was a lot of rainfall, 
this great amount of algae did not develop (1965, 1966). During low 
water the drift shows the typical composition: Oligoch. (especially in 
the lower course), Zygoptera, Gammariden, cyklopiden, fish larvae. 
From the findings, the Krems ranks inbetween the Tulln and the Schwarza. 
The amount of larvae of Ephemeroptera and of water mites in the drift is 
higher, whereas Tendipedidae are less frequent. A possible explanation 
for this might be the scarce development, the fact that the gravel has 
even surfaces and that there is only little moss. 
36. 
Explanation for tables 12-14. Exuviae and species only found at the 
bottom in brackets. For fauna of the bottom the maximal lengths are 
also in brackets. L = larvae, Pupp.-Ex = case of pupa. Sum = total 
number of macroorganisms we found. Frequency:number of samplings in 
Which we found the species. 
Table 12. Tulln. Drift. 
37. 
Table 13. Krems. Drift. 
38. 
Table 14. Schwarza. Drift. 
From the tables above, Tables 12, 13 & 14, one can calculate the mean 
drift of organisms for each stream (Tulln and Krems 10 samples each, 
Schwarza 8 samples) 
39. 
Fig. 14. Frequency of Ephemeridae larvae (thick line), frequency of 
skins of larvae (thin line), converted to 1 m 2 area of net 
in 24 hours (ordinate), scale increasing reduced. 
Total drift (points), g per m 2 area of net in 24 hours. 
The connection between the drift and the annual cycle becomes obvious 
with Ephemeroptera (see fig. 14), Plecoptera and Tendipedidae. 
Other groups, like Simuliidae, Helminen, Trichoptera, do not change 
their number during the year. The water mites strongly decreased in 
the Krems during the extreme floods, during the low waters in the summer 
of 1964 and 1966 their number increased. In all three streams our 
studies were impeded by the floods. 
Among the mayfly larvae it is mainly the genus Baetis (their larvae) 
which are responsible for these seasonal changes because they are so 
frequent in fauna on the bed as well as in the drift. Even more clearly 
the exuviae (which are drifted much more frequently) show the peaks of 
development within the year. In February we found the highest number 
of very small larvae; already in March there are larvae and nymphs up 
to 10 mm length. Thus their development starts very quickly and intensely, 
In no sample taken in the stammer we found animals bigger than 7-8 mm 
in length, which obviously is the result of a particular development of 
larvae of a smaller summer generation (13, 15, 25). Rhithrogena once 
was found in February (sizes 1-8 mm) but generally we only found single 
individuals. The drift of small larvae of Ecdyonurus (1-4 mm) is also 
quite small but more regular. 
From the big strong organisms living in the main stream (Oligoneuriella 
rhenana) we found nothing else but exuviae but these very impressively 
showed the seasonal differences of their appearance. During the warm 
months these larvae grow extremely quickly. In the Schwarza there were 
huge numbers of Ephemerella ignita in the drift (June-August), a species 
which is a pure summer (warmth) form. In June the larvae were mostly 
about 1 mm long, in August we mainly found stages of 4-7 mm length. 
40. 
5.6 
Contrary to the two other streams the total number of mayflies 
increased from June to August in the Schwarza. 
Drift of exuviae (fig. 15, 16) 
We noticed an increase in size during the months of February to April of 
the skins of larvae (mainly Baetis) found in great numbers in the drift. 
This series was interrupted by the strong floodings and the whole drift 
of larvae was reduced to a minimum. 
As we show in Fig. 14 the drift of exuviae was not always parallel to 
the number of living Ephemeroptera. During extreme low water (mainly 
in the Tulln during the summer) the drift of exuviae reached a maximum. 
At the same time the drift of living organisms was very weak. During 
the floods we still found many exuviae among our samples (which also 
contained much wood); living larvae were missing totally. In November 
again we had a low water and again there was an extremely high number 
of skins of larvae in the nets. Only in the spring occasionally the 
number of living larvae of mayflies found in the drift was bigger than 
that of skins of larvae (Krems, Tulln). In the Schwarza, in calm regions 
with much moss the number of living larvae of mayflies exceeded the 
number of drifted exuviae which was mainly caused by the drift of 
smallest larvae of Ephemerella ignita. 
During floods living larvae of Ephemerella were also absent from the 
samples taken from the Schwarza, but the river bed did not dry out as was 
the case in the Tulln. The drift of exuviae even was especially high 
during floods. The maximum of drifted larvae skins was in February, 
followed by a second peak in July. 
Generally we can say the drift of exuviae is a much better indicator 
for the population densities and life-cycles in a river than the drift 
of living organisms, because their biological behaviour has the duty to 
prevent them from being drifted. 
The drift of larvae of Tendipedidae and of Ephemeroptera follows the 
variations caused by the water level. The peaks of drifts of pupae & cases 
are striking in March and November; in November this also decreased in 
the Schwarza. Small Plecoptera and their exuviae appeared in greater 
numbers in winter in all three streams (January to May). 
In the Schwarza we found Leuctra sp. and Nemoura sp. in the drift samples 
all over the year, although the higher frequency during the winter was 
remarkable. The role of Plecoptera within the total drift of organisms 
was generally small, in winter a little bit higher; the exuviae 
showed the same facts. 
The existence of certain species was only proved by the existence of 
their exuviae (Perla, Dinocras). 
In studies on the night drift of the Krems we found an extremely high 
drift of Imaginal exuviae of Trichoptera in May and a very high drift 
of cocoons (cases of pupa) of Tendipedii. We did not find any larvae of 
biting midges here either, but from the number of their drifted exuviae we 
got a clear image about their frequency. 
41. 
Fig. 15. Sample: thin film of exuviae pulled off by sucking it up 
with a sheet of paper, paper dried, photographed from above 
(magnified). 
Fig. 16. Drift during flooding, also from paper: drifted wood 
extremely unravelled (reduced to fibers) (Krems, 23.4.65) 
42. 
Table 15. Counting of the exuviae from the paper (fragments of exuviae 
in brackets). 
5.7 Studies of the drift at night 
The extreme increase of the drift of organisms at night, cited in the 
literature (4, 20-23, 32) will be investigated in these three streams. 
43. 
Table 16 
44. 
Table 17 To compare: drifts during the day in the according months 
(times of sampling in brackets) 
Finally, we took some measurements in the Schwarza at night after a strong 
thunderstorm and rainfall. There was a great deal of detritus and wood 
within the drift (see page 11). The water level of the stream was very 
high. 
45. 
Table 18. 
Although there was a strong flooding, which mostly causes a total 
disappearance of Ephemeroptera larvae within the drift, the number of 
Baetis larva in the net was about twice as high as in the day. Also 
Leuctren and larvae of Ecdyonurus showed a slight increase (also found 
in the Mira). Only organisms living in the moss were less frequent. 
(Ephemerella, Helmis, Hydracarina). 
All these measurements confirmed a remarkable increase in the number of 
some species at night (in the night drift). An important part of this 
form the same species of Baetis which also dominate in the day drift. 
In the Mira, a typical chalk stream near Gutenstein Baetis sp. (B. fuscatus 
and B. alplnus) were most frequent. B. pumilus and B. rhodani were found 
in the Krems and Tulln, but only in small numbers. In the Mira brook 
(a summer cold stream, about 3 m wide, 30-40 cm deep, speed of current 
1 m/sec, coarse chalk gravel, great distribution of Fontinalis) B. fuxatus, 
B. rhodani and B. pumilus appeared in great numbers. In the day drift we 
only found B. alpinus; in the night drift B. fuscatus played the main 
role, similar to the conditions in the Krems and Tulln. As an organism 
living in regions of the stream with lower velocity B. pumilus was only 
found sporadically. 
Remarkable differences exist among the simple types of streams, 
obviously caused by the different structure of the river bed (see page 12), 
the velocity of the current and the density of the various populations. 
Especially the Krems, which shows the biggest part of Baetis larvae in 
the day drift, at night only showed a rather small increase (3 times 
46. 
the day drift) but the quantity of older larvae stages was remarkable 
in the night drift. In the day drift larvae of 2 mm length form the 
main part (little larvae of 4-6 mm length), and at night 4-8 mm long 
larVae dominated. This seems to be a hint for the fact that the day 
drift mainly consists of passive drift (even if it is only for short 
distances), which mostly concerns the younger larvae stages. Contrary 
to this at least in terms of Baetis sp. the night drift is influenced 
much more by the increased activity of these animals. This is true 
especially for B. fuxatus. Apparently, the smaller the danger of the 
passive drift the greater the increase of the night drift of the Baetis 
larvae. Thus low velocity, many algae and dense populations in the 
river bed, caused an increase of 120 x in the Tulln (night drift = 
120 x day drift). The other larvae of Ephemeroptera (Ecdyonurus, 
Rhithrogena, Ephemerella) did not appear in greater numbers in the 
night drift, although the literature says they show an increased activity 
at night (see page 2) . 
Contrary to this there were great influences on Leuctren, especially 
in the chalk brook where the density of Plecoptera generally is rather 
high. In the Krems again Helmis was very frequent in the nets at 
night, whereas Gammarus pulex, described as very active at night, showed 
a slight increase only in the Mira (x 3) compared to the measurements 
taken at day time. Besides, Gammarus never appeared in the drift. 
Concerning to Gammarus the temperature is a great influence to the 
increase of activity; additionally the density of population was 
very low in the examined streams (with the exception of the Mira which 
was slightly polluted because of sewage from nearby houses). 
Summary 
In a space of time of almost three years investigations of the drift 
of three streams in Lower Austria (Tulln: flysch-region; Krems: gneiss; 
Schwarza: chalk) were made. 
Interpreting the samples we differentiated between total drift, drift 
of microorganisms, and drift of macroorganisms. In the second and third 
spring, the conditions had totally changed because of severe flooding. 
Especially, in the Tulln all the gravel in the river bed was turned 
round. Both total drift (including drift of sand) and drift of 
organisms showed a vertical and a horizontal stratification. Near the 
bottom the amount of sand was much greater, it was especially high in 
the Krems. The structure of the gneiss causes the special character of 
the sand in the Krems. Its is very fine-grained, consists of sheet mica 
and quartz grains. 
The connection between water level or velocity and the total drift is 
obvious. In the Tulln also masses of algae formed a part of the 
weight of the drift. This caused the fact that in the drift of the 
Tulln there were many ciliates, although the Krems has a higher content 
of organic substances. Because of this high amount of algae in the Tulln 
the number of microorganisms is higher. Because of the lower current, 
the detritus is not drifted away very fast and forms an important 
nutritive factor. 
Concerning drift of larvae we found out that mainly young stages of 
larvae were drifted. Contrary to this we found many older stages of 
larvae near the bottom, especially of species that live in close 
contact to the substrate (Ecdyonurus). 
6. 
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The Krems shows the peculiarity that there are many very small stages 
of Baetis larvae in the drift near the bottom near the bank. In 
summer we found huge numbers of Ephemerella larvae in the Schwarza in 
nets near the bottom in strong currents. The drift of organisms living 
in moss probably is passive in comparison to that of the Baetis larvae 
which arises the assumption that the drift of the Baetis larvae near 
the bank is at least partly active, which could be a reason for them 
to prefer regions with lower velocities. 
New relationships were found between the structure of the bottom (size 
of gravel, kind of rock) and drift. Both velocity and structure of the 
bottom influenced the radius of activity and the distribution of the 
organisms. The Baetis larvae seem to be the larvae to profit most 
from the velocity (to enlarge its area of activity). 
During severe flooding and directly afterwards mostly living larvae are 
absent from within the drift (Ephemeroptera, Plecoptera) . 
In the Krems species adapted to the flow (Epeorus, Rhithrogena, Baetis) 
are drifted much more than in the Schwarza, which has a much higher 
velocity. Here organisms living in the moss (Ephemerella, Helmis) form 
the main part of the drift of organisms. The drift of the Tulln 
temporarily contained loads of larvae and cases of pupa of 
Tendipedidae. 
The drift of larvae of Ephemeroptera and Plecoptera correlates with their 
cycle of development. Unfortunately, flooding disturbs the natural 
course. The drift of exuviae a better criterion for the density of 
populations. It also shows the increase in size of the larvae in spring 
when their development suddenly starts. For these studies we pulled off 
the thin film of floating exuviae by sucking it up with a sheet of paper. 
The existence of big species like Perla, Dinocras and Oligoneuriella 
could only be proved by their exuviae. 
Finally we studied the drift during the night in the three streams. In 
the Krems we have the strongest drift of Baetis during the day, but this 
was only increased by three fold during the night. Contrary to this 
during low water and during times of high distribution of algae, the 
number of Baetis at night was 30-40 times higher than during the day. 
We used the Mira near Gutenstein as an example for a calcareous stream. 
At night the number of Baetis in the drift was 20 times higher than during 
the day, additionally we found many Leuctra which are also more active 
when it gets dark and then leave their hiding places. Although Gammarus 
is very frequent it only forms a very small part of the drift. 
On purpose we presented this whole problem in a very detailed way 
because we think much further study is necessary. The great influence 
the structure of the substrate showed that studies on the structure of the 
bottom sometimes are as important as studies on the autecology of 
single species. In some respects the species of Baetis (B. fuxatus, 
B. rhodani, B. alpinus) show a behaviour that is very untypical. They 
are able to escape from the influences of strong currents because they 
are so mobile and active. This is contrary to most other larvae living 
in strong currents which are anatomically better adapted. Maybe this 
dangerous way of life of the Baetis is closely connected with their 
biology. With the development of a second generation during the 
summer, which means a strong increase in number, these losses can be 
compensated. 
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